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 3ULQFLSOHRI8&*
&RQFHSWRIFRQYHUWLQJFRDOLQWRJDVKDVH[LVWHGIRUPDQ\\HDUV%DVLFDOO\LWLQYROYHVGULOOLQJDSDLU
RIZHOOVLQWRDFRDOVHDPDQGLQMHFWLQJJDVLI\LQJDJHQWOLNHR[\JHQRUDLUWKURXJKWKH,QMHFWRUDQGDIWHU
LJQLWLRQDQGJDVLILFDWLRQRIFRDOWKHJDVLVEURXJKWWRWKHVXUIDFHWKURXJKWKHRWKHUKROH3URGXFHUDQG
XVHGDVIXHORUFKHPLFDOIHHGVWRFN7KRXJKWKHSULQFLSOHLVVLPSOHSUDFWLFDOFRQYHUVLRQRIFRDOLQWRJDV
LQVLWXDQGHQVXULQJDFRQVLVWHQWDQGHQYLURQPHQWDOO\VDIHH[SORLWDWLRQRIFRDOVHVSHFLDOO\GHHSHUVHDPV
LV D FKDOOHQJLQJ WDVN2YHUFRPLQJ WKHVH GLIILFXOWLHV SURYLGHV D JRRG RSSRUWXQLW\ IRU WRGD\¶V KLJKO\
GHYHORSHG GULOOLQJ DQG HQJLQHHULQJ WHFKQRORJLHV $ QXPEHU RI GLVFLSOLQHV OLNH JHRORJ\ FKHPLVWU\
FKHPLFDO HQJLQHHULQJPHFKDQLFDO HQJLQHHULQJ SURGXFWLRQ GULOOLQJ HWF  QHHGV WR EH DSSOLHG IRU WKH
H[SORLWDWLRQRIFRDO
2.1. Historical perspective 
,QWKH\HDU6LU:LOOLDP6LHPHQVZDVSHUKDSVWKHILUVWWRVXJJHVWXQGHUJURXQGJDVLILFDWLRQRI
ZDVWHFRDOLQWKHPLQH7KHILUVWH[SHULPHQWDOZRUNFDQEHWUDFHGWRZKHQ:LOOLDP5DPVH\EHJDQ
ZRUNRQ8&* LQ'XUKDPEXWZDVQRW DEOH WRFRPSOHWH LW WLOO WKHRQVHWRI)LUVW:RUOG:DU$OO WKH
HIIRUWVLQ8QGHUJURXQG*DVLILFDWLRQLQ:HVWHUQ(XURSHZHUHGLVFRQWLQXHGWLOOWKHHQGRI6HFRQG:RUOG
:DU2QWKHRWKHUKDQGLQWHQVLYHZRUNRQFRDOJDVLILFDWLRQEHJDQLQWKHWKHQ8665LQVLQFRDO
VHDPVDWVKDOORZHUGHSWKV7KLV OHG WR LQGXVWULDO VFDOH8&*LQVHYHUDOSDUWVRI8665SDUWLFXODUO\ LQ
5XVVLDDQG8]EHNLVWDQ2QHSURMHFWRI8]EHNLVWDQLVVWLOORSHUDWLRQDOWRGD\7KHVHWULDOVHVWDEOLVKHGWKH
EDVLF WHFKQRORJ\ RI XQGHUJURXQG JDVLILFDWLRQ 6KRUWDJH RI HQHUJ\ IURP  WR  LQGXFHG RI D
UHQHZHGLQWHUHVWLQVLWXFRDOJDVLILFDWLRQLQ:HVWHUQ(XURSHDQFRDOPLQLQJFRXQWULHV7KHILUVWDWWHPSWV
ZHUHGLUHFWHG DW WKLQ VHDPV DW VKDOORZHU GHSWKV%RUHKROHPHWKRGZDV WHVWHG LQ%ULWDLQ LQ1HZPDQ
6SLQQH\DQG%D\WRQDQGDIHZ\HDUV ODWHUDWWHPSWZDVPDGHIRUDFRPPHUFLDOSLORW LQ3
WULDOLQ1HZPDQ6SLQQH\'XULQJVORZFRVWIXHOZDVDYDLODEOHLQSOHQW\DQGWKHUHIRUH
WKHUHZDVOXOORQSURJUHVVRI8&*LQ(XURSH+RZHYHUDIWHUWKHILUVWRLOFULVLV86$DJDLQHPEDUNHGRQ
WKH GHYHORSPHQW RI 8&* LQ  LQYROYLQJ LQ WKH SURFHVV D QXPEHU RI LQVWLWXWHV 7KLV OHG WR
FRQVLGHUDEOHWHFKQRORJLFDOGHYHORSPHQW
)UHQFKDWWHPSWHGWRJDVLI\WKHFRDOVDWGHHSHUGHSWKVZKLFKZHUHFRQYHQWLRQDOO\XQPLQHDEOHDQG
WKHLUREMHFWLYHZDVWREULQJWRVXUIDFHWKHPHGLXPYDOXHFDORULFJDVWKURXJKLQMHFWLRQRIR[\JHQDQG
VWHDPDQGFRQYHUWWKHJDVLQWRKLJKFDORULFYDOXHPHWKDQHDWWKHVXUIDFH7ZRPDLQWHVWVFDUULHGRXWLQ
%UXD\HQ$UWRLV  DQG+DXWH'HXOH  DQG WKH\SURYLGHG VRPHYDOXDEOH LQVLJKWV
$GHTXDWHZHOO ILWWLQJV WRZLWKVWDQG SUHVVXUH YDULDWLRQV SRVVLELOLW\ WR OLQN E\ K\GUR IUDFWXULQJ HDV\
LJQLWLRQ RI FRDO ZLWK DQ HOHFWULF KHDWHU GLIILFXOWLHV WR FDUU\ RXW UHYHUVH FRPEXVWLRQ DFFRUGLQJ WR
VSRQWDQHRXV FRPEXVWLRQ SUREOHPV QHDU WKH LQMHFWLRQ ZHOO SRVVLELOLW\ WR SUHYHQW VSRQWDQHRXV
FRPEXVWLRQZLWKWKHLQMHFWLRQRIORZR[\JHQFRQWHQW,QDUHODWHGGHYHORSPHQWLQ/RLUHILHOGHOHFWUR
OLQNLQJZDV WULHG7KH UHVXOWVZHUH VXFFHVVIXO DQG WKHVDPHZDVFRQILUPHGE\RSHQFDVWLQJ WKHFRDO
VHDPDQGEDFNFKHFNLQJWKHUHVXOWV:RUNRQWKHVHDWWHPSWVVWRSSHGLQ




 5HFHQWGHYHORSPHQWV
2.1. Belgo-German experiment: deep UCG 
$WWHPSWVZHUHPDGHWROLQNZHOOVE\5HYHUVH&RPEXVWLRQLQD%HOJR*HUPDQWULDODW7KXOLQ7KH
DWWHPSW ZDV XQVXFFHVVIXO EHFDXVH RI KLJK RYHUEXUGHQ OLWKRVWDWLF SUHVVXUH 7KH ZDOO EHKDYLRXU LV
GLIIHUHQWDWGHHSHUGHSWKV,WWHQGVWRZHHSWRZDUGVWKHKRWFDYLW\FUHDWHGLPSDLULQJWKHILUHSURJUHVVLRQ
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LQWR WKH FRDO VHDP5HYHUVH FRPEXVWLRQ DWWHPSWVZHUH VWRSSHG+RZHYHU D FROODERUDWLYH SURMHFW LQ
DWWHPSWHGFRQQHFWLQJH[LVWLQJZHOOVDW7KXOLQWKURXJKODWHUDOGULOOLQJ7KHWZRZHOOVZHUHOLQNHG
WKURXJKODWHUDOGULOOLQJDQGVLGHWUDFNLQJ$VPDOOJDVLILHUFLUFXLWZDVHVWDEOLVKHGDQGDERXWWRQVRI
FRDOZDVJDVLILHGDWDGHSWKRIPHWHUVIRUDERXWVL[PRQWKV7KHJDVLILHUSUHVVXUHZDVPDLQWDLQHG
DWDERXW EDU7KHJUHDWHVWEHQHILWRI WKLV WULDOZDV WKDW LWZDVHVWDEOLVKHG LQGHHSHUFRDOV WKDW
FRXOG EH JDVLILHG WKURXJK GHYLDWLRQ DQG KRUL]RQWDO LQVHDP FRDO GULOOLQJ IRU OLQNLQJ ZHOOV $QRWKHU
LQQRYDWLRQ ZDV LQVHUWLRQ RI ³IOH[LEOH FDVLQJ´ LQWR WKH GHYLDWHG DQG KRUL]RQWDO VHFWLRQ RI WKH ZHOO
7HFKQLFDO ULVNV LQFOXGHG LQDFFXUDWHD]LPXWK LQVHUWLRQRI IOH[LEOHFDVLQJ OHVVSHUPHDELOLW\RIFRDODW
GHHSHUGHSWKVFRUURVLRQDQGKLJKWHPSHUDWXUH(FRQRPLFULVNVLQFOXGHGKLJKFRVWRIGHHSERUHKROHV
XQFHUWDLQW\DERXWFRQVLVWHQWKHDWLQJYDOXHRISURGXFHGJDVHIILFLHQF\RIJDVLILFDWLRQDQGSHUFHQWDJHRI
XQEXUQHGFRDO
7KH UHVXOWV RI WKLV H[SHULPHQW HQFRXUDJHG IXUWKHU UHVHDUFK DQG WKLV UHVXOWHG LQ WKH IRUPDWLRQ RI
(XURSHDQ:RUNLQJ*URXS RQ8QGHUJURXQG&RDO*DVLILFDWLRQ IRU IRUPXODWLQJ D SURSRVDO IRU IXUWKHU
UHVHDUFK7KH*URXSVXEPLWWHGDSURSRVDOIRUDODUJHUVFDOHH[SHULPHQWLQYROYLQJWKH%HOJLDQWHDPRI
7KXOLQH[SHULPHQW6SDLQDQG8.7KHDLPRIWKLVSURMHFWZDVWRWHVWWKHWHFKQRORJ\RQFRDOVZKLFKDUH
WKLQQHU DQG GHHSHU DQG W\SLFDO RI (XURSH ,QLWLDOO\ LW ZDV SURSRVHG WR WHVW WKH WHFKQRORJ\ DW DERXW
P DQG ODWHU DW P DQG EH\RQG  'HYLDWLRQ DQG LQ VHDP GULOOLQJ ZDV XVHG WR HVWDEOLVK OLQN
EHWZHHQLQMHFWRUDQGSURGXFHUDQGGLIIHUHQWPHWKRGVIRU*DVLILHUFRQWURODQGGHYHORSPHQWZHUHWREH
WHVWHG7KHSURMHFWZDVSURSRVHGLQ³$O7UHPLGDO´LQWKHSURYLQFHRI7HUHXO1(6SDLQ7KHVLWHZDV
FKRVHQRQWKHJURXQGVRIJHRORJLFDOVXLWDELOLW\([WHQVLYHERUHKROHGDWDZDVDOVRDYDLODEOHIRUWKLVVLWH
7KH WULDO ZDV VXFFHVVIXO DQG LW SURYHG WKH YLDELOLW\ RI GLUHFWLRQDO GULOOLQJ DQG EHQHILWV RI &5,3
&RQWUROOHG 5HWUDFWDEOH DQG ,QMHFWLRQ 3RLQW $ERXW  P RI FKDQQHO ZDV FUHDWHG DQG HVWLPDWHV
FRQFOXGHGUHTXLUHPHQWVRIDERXWWRQVRIFRDOIRUFRQYHUVLRQLQWRSRZHURI0:7KHTXDOLW\RI
JDVZDVYHU\KLJK LQ WKLV FDVH7KHSURJUDPPHDOVR LQFOXGHGDSRVW EXUQ DFWLYLW\PDWHULDO DQDO\VLV
HQYLURQPHQWDO LPSDFWPRQLWRULQJFDYLW\VDPSOLQJHWF7KHSLORWGXUDWLRQZDVVKRUWEXWOHVVRQVZHUH
OHDUQWRQWKHGHWDLOHGHQJLQHHULQJGULOOLQJDQGSODQWGHVLJQ6XVWDLQHGJDVLILFDWLRQIRUDORQJHUGXUDWLRQ
ZRXOGSURYLGHDQRSSRUWXQLW\IRUHFRQRPLFDQGFRPPHUFLDODVVHVVPHQWRIWKH8&*SURFHVV
8.KDVODUJHFRDOUHVHUYHV'HSDUWPHQWRI7UDGHDQG,QGXVWU\'7,8. LGHQWLILHG8&*DVD
SRWHQWLDO7HFKQRORJ\WDUJHWVIRU8&*ZHUHGHVFULEHGLQGHWDLOLQ'7,¶V(QHUJ\3DSHUDQG
WKH\ZHUHDVXQGHU
x ,PSURYHGDFFXUDF\RILQVHDPGULOOLQJ
x $VVHVVPHQWRIWKHLPSOLFDWLRQVRIEXUQLQJ8&*JDVLQDJDVWXUELQH
x (VWLPDWHV RI WKH ODQGZDUG UHVHUYHV RI FRDO WKDW FRXOG EH WHFKQLFDOO\ VXLWHG WR XQGHUJURXQG
JDVLILFDWLRQ
x ,GHQWLILFDWLRQRIDVLWHIRUDVHPLFRPPHUFLDOWULDORI8&*
x ,GHQWLILFDWLRQ RI WKH SDUDPHWHUV WKDW XQGHUJURXQG FRDO JDVLILFDWLRQ ZRXOG KDYH WR PHHW WR
FRPSHWHZLWKFXUUHQW1RUWK6HDJDVSURGXFWLRQFRVWV
x $SUHIHDVLELOLW\VWXG\ IRU WKHH[SORLWDWLRQRIXQGHUJURXQGFRDOJDVLILFDWLRQRIIVKRUH LQ WKH
VRXWKHUQ1RUWK6HD
)ROORZLQJ WKLV '7, VXEPLWWHG D UHSRUW HQWLWOHG ³5HYLHZ RI )HDVLELOLW\ RI 8QGHUJURXQG &RDO
*DVLILFDWLRQ´LQWKH8.DQGZDVSUHVHQWHGLQ7KHUHSRUWKLJKOLJKWVWKDWFRDOZLOOFRQWLQXHWR
SOD\DSURPLQHQWSDUW LQ IXWXUHDVD VRXUFHRI HQHUJ\ ,WEHFRPHVDOO WKHPRUH SHUWLQHQW WR ORRN IRU
FOHDQFRDO WHFKQRORJ\DQGRXWRID VXLWH WR WHFKQRORJLHV8&*FRXOGSURYLGHDFRPELQDWLRQRIKLJK
JHQHUDWLQJ HIILFLHQF\ DQG SRWHQWLDOO\ VDWLVIDFWRU\PHWKRG IRU FOHDQ FRDO WHFKQRORJ\ 7KH UHSRUW DOVR
PHQWLRQV WKDW HYLGHQFH WR GDWH VXJJHVWV WKDW 8&* FRPSDUHV ZHOO ZLWK IRU H[DPSOH ,QWHJUDWHG
*DVLILFDWLRQ &RPELQHG &\FOH ,*&& DQG VXSHUFULWLFDO WKHUPDO SODQW 7KH UHSRUW DOVR LQIRUPV WKDW
8&*KRZHYHU LV OHVVDGYDQFHGWKDQHLWKHURI WKHVHWHFKQRORJLHVDQGTXHVWLRQVVSHFLILF WR8&*OLNH
SODQQLQJDSSURYDOHQYLURQPHQWDO LPSDFWDQGRSHUDWLRQDWFRPPHUFLDO VFDOHQHHGV WREHZRUNHGRXW
)XOOVFDOHWULDOEHIRUHFRPPHUFLDOGHFLVLRQVFDQEHWDNHQDQGZRXOGFRVWDSSUR[LPDWHO\0
8. FRDO UHVHUYHV LQFOXGLQJ WKDW RI RIIVKRUH LV SUREDEO\ WKH ODUJHVW LQ:HVWHUQ(XURSH DQG LW LV
HVWLPDWHG WKDW RQO\  KDV EHHQ PLQHG VLQFH ,QGXVWULDO 5HYROXWLRQ 0RVW RI WKH FRDO LQ 8. LV
ELWXPLQRXV DQG H[LVWV ULJKW IURP WKH RXWFURS WR D GHSWK RI P ([SORLWDWLRQ RI WKLV UHVRXUFH DW
GHHSHUGHSWKVLVQRWSRVVLEOHWKURXJKFRQYHQWLRQDOPLQLQJ$VSHUDQHVWLPDWHELOOLRQWRQQHVRIXQ
PLQHDEOHFRDODUHVXLWDEOHIRU8&*7KHUHSRUWFRQFOXGHVWKDWLISODQQLQJDQGHQYLURQPHQWDOLVVXHVFDQ
EHGHDOWZLWK8&*LQFRQMXQFWLRQZLWKFDUERQFDSWXUHDQGVWRUDJHLQFUHDVHVGLYHUVLW\RIVXSSO\ DQG
KHQFHFRQWULEXWHVWRVHFXULW\ZLWKLQWKHFRQWH[WRIDORZFDUERQHFRQRP\
32   D.U. Vyas and R.P. Singh /  Procedia Earth and Planetary Science  11 ( 2015 )  29 – 37 
 8.&KLQDFROODERUDWLRQ
&RDOPHHWVRIHQHUJ\UHTXLUHPHQWVRI&KLQDDQGFRQVXPHVELOOLRQWRQVRIFRDOSHUDQQXP
DQGWKLVLVDFDXVHIRUPDMRUDLUSROOXWLRQDFLGGHSRVLWLRQDQGJUHHQKRXVHJDVHPLVVLRQV2QHRIWKH
RSWLRQVWKH\KDYHH[SORUHGLVWKDWRI8&*&KLQDKDVDGRSWHGWZRDSSURDFKHVIRUWKHH[SORLWDWLRQRI
FRDO2QHLV8QGHUVXUIDFH*DVLILFDWLRQ8*PHWKRGDQGWKHRWKHULV/RQJ7XQQHOODUJHVHFWLRQWZR
VWDJH PHWKRG 8QGHUVXUIDFH *DVLILFDWLRQ LV DQ H[WHQVLRQ RI XQGHUJURXQG PLQLQJ LQ ZKLFK JDVLILHU
UHSODFHVZRUNLQJ IDFHV DQG LV FRQWUROOHG LQGHSHQGHQWO\ IURP XQGHUJURXQG IRU RSWLPDO SHUIRUPDQFH
7KHDFFHVV LVPDGHDOO WKH WLPHIURPXQGHUJURXQG,Q WKHRWKHUPHWKRGD ORQJ WXQQHO LVFRQVWUXFWHG
XVLQJPLQLQJPHWKRGVDQGFRQQHFWLRQV WR WKHVXUIDFHDUHPDGHXVLQJSURGXFWLRQDQG LQMHFWLRQZHOOV
GULOOHG 7KH V\VWHP LV PRQLWRUHG DQG RSHUDWHG IURP WKH VXUIDFH 7KH WZR VWDJH PHWKRG LQYROYHV
LQMHFWLQJ DLU ILUVW VR WKDW D KLJK WHPSHUDWXUH LV DWWDLQHG 7KHQ WKH VWHDP LV LQMHFWHG UHVXOWLQJ LQ WKH
SURFHVV RI JDVLILFDWLRQ 7KH PHWKRG KDV EHHQ VKRZQ WR SURGXFH JDV ZLWK KHDWLQJ YDOXHV RI 
0-PDQGDK\GURJHQFRQWHQWRI7KHPHWKRGKDVEHHQIRXQGWREHGLIILFXOWWRFRQWURO
7KH SULQFLSDO SDUWQHUV LQ WKLV SURMHFW ZHUH :DUGHOO $UPVWURQJ &UDQHILHOG 8QLYHUVLW\ $OVWRP
3RZHU 8QLYHUVLW\ RI 1RWWLQJKDP &KLQD 8QLYHUVLW\ RI 0LQLQJ DQG 7HFKQRORJ\ DQG PDQ\ RWKHU
RUJDQL]DWLRQV
&KLQDDVSHUWKHODWHVWUHSRUWVKDVHPEDUNHGRQDSURJUDPPHRIWHVWLQJ8&*DWGHHSHUGHSWKV
 &KLQFKLODSURMHFW$XVWUDOLD
&KLQFKLOD,*&&3URMHFWKDVEHHQXQGHUGHYHORSPHQWVLQFH7KLVLVWKHODUJHVW8&*WULDOVRIDU
DQGUHVXOWHGLQWKHJDVLILFDWLRQRIWRQVRIFRDODQGKDVFODLPHGUHFRYHU\RIWDUJHWHGFRDO
UHVRXUFH&RQVLVWHQF\ DQG KLJKTXDOLW\ RI V\QJDV KDV EHHQ FODLPHG DQG DYDLODELOLW\ RI JDV KDV EHHQ
HQVXUHGIRUPRQWKVDWDWLPH7KHSURMHFWKDVFODLPHGQRFRQWDPLQDWLRQRIDTXLIHUDQGKDVKDGD
VSHFLDOVKXWGRZQSURJUDPPH
 8&*VLWHVHOHFWLRQ	FKDUDFWHULVWLFV
2YHUWKHODVWKDOIFHQWXU\FRDOJDVLILFDWLRQKDVSURYHQLWVHOIDVDWHFKQRORJLFDOO\IHDVLEOHSURFHVV
IRUJDVLI\LQJ FRDOZLWK WKHSRWHQWLDO WREH FRPPHUFLDOO\YLDEOH XQGHU FHUWDLQ FRQGLWLRQV7KH/DUJH
XQFHUWDLQW\DERXWWKHYLDELOLW\RI8&*VWHPVIURPWKHXQNQRZQVDVVRFLDWHGZLWKVXLWDEOH8&*VLWHV
6XUIDFH JDVLILFDWLRQ SURYLGHV D SUHFLVH SURFHVV ZLWK WKH DELOLW\ WR FRQWURO QHDUO\ HYHU\ YDULDEOH ,Q
FRQWUDVWXQGHUJURXQGJDVLILFDWLRQUHOLQTXLVKHVDVLJQLILFDQWGHJUHHRIFRQWUROIRUWKHDELOLW\WRXWLOL]H
FRDO ZLWKRXWPLQLQJ LW IURP WKH VHDP 7KH SUHFLVLRQ LQ 8&* FRPHV IURP FDUHIXO VLWH VHOHFWLRQ $
JDVLILHUFDQRQO\UHO\RQFRDODYDLODEOHZLWKLQWKHVHDPVRWKHUHUHPDLQVDQXPEHURIFULWLFDOIDFWRUVD
GHYHORSHUPXVWFRQVLGHUWRHQVXUHWKHTXDOLW\DQGTXDQWLW\RIV\QJDVQHHGHGIRUDSURMHFW¶VOLIHWLPH
5.1. Geology 
,QVLWXFRDOJDVLILFDWLRQLVDKLJKWHFKQRORJ\DUHD6RPHFRXQWULHVVXFKDV8.86$DQG$XVWUDOLD
KDYH GHYHORSHG WKHLU RZQ VHWV RI FULWHULD GHSHQGLQJ RQ ORFDO FRQGLWLRQV )ROORZLQJ WKH LPSRUWDQW
IHDWXUHVFRQFHUQLQJJHRORJ\DUHWDNHQLQWRFRQVLGHUDWLRQGXULQJVLWHVHOHFWLRQIRU8&*
D *HRJUDSK\WRSRJUDSKLFDODQGWHFKQRORJLFDOIHDWXUHVRIWKHDUHD
E 3UHVHQFHRIIDXOWVIUDFWXUHVILVVXUHVHWFDQGWKHLURULHQWDWLRQDQGH[WHQVLRQ
F &RPSOHWHJHRORJ\DQGJHRGDWDRIFRDOVHDPDVZHOODVURRIDQGIORRUZKLFKLQFOXGHFRPSOHWH
OLWKRORJ\RIRYHUO\LQJEHGVFRDOEHGDQGWKHIORRUURFN
5.2. Coal rank 
7KH FRDO UDQN XQGHU FRPEXVWLRQ KHOSV GHWHUPLQH WKH TXDOLW\ RI WKH V\QJDV DQG WKH IHDVLELOLW\ RI
&RQGXFWLQJ 8&* 5HVHDUFKHUV UHFRPPHQG XVLQJ WKH ORZHVW UDQNLQJ FRDOV RI OLJQLWH DQG VXE
ELWXPLQRXV FRDO RU ORZUDQN KLJK YRODWLOH ELWXPLQRXV FRDOV /RZUDQN FRDOV JHQHUDOO\ VKULQN ZKHQ
EXUQHGZKLFKLPSURYHVWKHFRQQHFWLRQIURPWKHLQMHFWLRQWRWKHSURGXFWLRQZHOOV+RZHYHUDWUDGHRII
H[LVWVEHWZHHQXVLQJORZUDQNFRDOVWKDWWHQGQRWWRVZHOODQGKLJKUDQNFRDOVWKDWKDYHKLJKHUKHDWLQJ
YDOXHVZKLFKSURGXFHPRUHHQHUJ\IURPOHVVFRDO
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5.3. Coal composition 
7KHDPRXQWRIDVKVXOSKXUDQGPRLVWXUHLQWKHFRDODOVRDIIHFWVWKHTXDOLW\RIWKHJDV&RDOZLWK
$VKFRQWHQWDERYHSHUFHQWGHFUHDVHVWKHKHDWLQJYDOXHRIWKHFRDO$GGLWLRQDOO\DVKFRQWHQWVDERYH
SHUFHQWFDQLQKLELW WKH8&*SURFHVV7KHKLJKHU WKHVXOSKXU&RQWHQW WKHPRUH WKHJDVZLOOQHHG
FOHDQLQJ WR UHPRYH LPSXULWLHV )XUWKHUPRUH PRLVWXUH &RQWHQWV EHORZ  SHUFHQW DUH QHHGHG IRU
RSWLPXPFRPEXVWLRQ:LWKRXWHQRXJKPRLVWXUHLQWKH6HDPWKHUHDFWLRQZLOOQHHGDGGLWLRQDOZDWHUWR
IDFLOLWDWHWKHEXUQ2QWKHRWKHUKDQGWRRPXFK:DWHUFDQUHGXFHV\QJDVTXDOLW\RUHYHQVWRSWKH8&*
SURFHVVHQWLUHO\
5.4. Coal porosity and permeability 
7KHSRURVLW\DQGSHUPHDELOLW\RIWKHFRDOZLWKLQWKHFRDOVHDPFDQLPSHGHRULPSURYHWKHIORZRI
WKHV\QJDVEHWZHHQWKHLQMHFWLRQDQGSURGXFWLRQZHOOV5HVHDUFKHUVUHFRPPHQGSHUPHDELOLW\YDOXHVRI
WRP'+LJKO\SRURXVFRDOVHDPVRUKLJKO\FOHDWHGVHDPVOHDGWRKLJKHUUDWHVRIJDVLILFDWLRQ
GXHWREHWWHUPRYHPHQWRIWKHJDVEHWZHHQWKHLQMHFWLRQDQGSURGXFWLRQZHOOV$OWHUQDWLYHO\WKHIDVWHU
PRYHPHQW EHWZHHQ LQMHFWLRQ DQG SURGXFWLRQ ZHOOV DOORZV IRU PRUH ZDWHU WR HQWHU WKH FRDOVHDP
SRWHQWLDOO\SUHYHQWLQJWKH8&*SURFHVV$OVRLQFUHDVHGSRURVLW\DQGSHUPHDELOLW\FDQDOORZIRUPRUH
V\QJDV WR OHDNRXWRI WKHFRDOVHDP LQWR WKHVXUURXQGLQJJHRORJLFVWUXFWXUHV UHGXFLQJV\QJDVRXWSXW
DQG LQFUHDVLQJ WKH ULVN RI ZDWHU FRQWDPLQDWLRQ &XUUHQWO\ WKH H[WHQW RI WKH HIIHFWV RI SRURVLW\ DQG
SHUPHDELOLW\LQWKHFRDOVHDPDUHXQNQRZQ
5.5. Partings 
3DUWLQJVDUHOD\HUVRIFOD\OLPHVWRQHVKDOHVDQGVWRQHRURWKHUURFNWKDWORFDOO\VHSDUDWHWKHFRDO
LQWRPXOWLSOHOD\HUVZLWKLQDJLYHQVHDP3DUWLQJVFDQEHSUREOHPDWLFLIWKH\DUHORFDWHGQHDULJQLWLRQ
SRLQWVLQMHFWLRQZHOOVDQGSURGXFWLRQZHOOV5HVHDUFKHUVUHFRPPHQGDVLQJOHOD\HUSDUWLQJWKDWVKRXOG
EHOHVVWKDQRQHPHWHULQWKLFNQHVV:LWKDSDUWLQJPRUHWKDQRQHPHWHUWKLFNWKHV\QJDVKHDWLQJYDOXH
ZLOOGURSDQGJDVLILFDWLRQPD\SURYHLPSRVVLEOH,QDGGLWLRQDFRDOVHDPZLWKRYHUSHUFHQWRI LWV
YROXPH RFFXSLHG E\ SDUWLQJV FDQ FDXVH WKH TXDOLW\ RI WKH JDV WR GHFUHDVH WR WKH SRLQW WKDW 8&*
EHFRPHVHFRQRPLFDOO\LPSUDFWLFDO
5.6. Depth and aquifers 
2SWLPDOFRDOVHDPGHSWKVH[LVWEHWZHHQWRPZLWKWKHSUHIHUHQFHIRUVHDPVEHORZPWR
DYRLGPDMRU VXEVLGHQFH LVVXHV'HHSHU JDVLILFDWLRQSURMHFWV DUH DOVRGHVLUDEOH GXH WR WKHLU LQFUHDVHG
VHSDUDWLRQ IURP SRWDEOH JURXQGZDWHU DTXLIHUV 7KXV GHHSHU WKH FRDO VHDP WKH OHVV ULVN RI
FRQWDPLQDWLQJXQGHUJURXQGVRXUFHVRIGULQNLQJZDWHU86':5HVHDUFKHUVUHFRPPHQGWKDWDTXLIHUV
DERYHWKHFRDOVHDPVKRXOGQRWEHZLWKLQDGLVWDQFHRIWLPHVWKHFRDOVHDPKHLJKW6,QDGGLWLRQQR
RYHUO\LQJVWUDWDZLWKZDWHUVKRXOGEHZLWKLQPRIWKHVHDP7KHUHDUHDOVRSUREOHPVZLWKGULOOLQJ
ZHOOVWRRGHHS7KHFRVWRIGULOOLQJLQFUHDVHVDWJUHDWHUGHSWKV0RUHLPSRUWDQWO\WKHSUHVVXUHRQWKH
JDVFUHDWHGDWGHHSHUGHSWKVFDQDOWHUWKHJDVFRPSRVLWLRQ$WJUHDWHUGHSWKVWKHJDVFRPSRVLWLRQPD\
SURYHLQHIILFLHQWIRUSRZHULQJDJDVWXUELQHIRUDQHOHFWULFLW\SODQW,QDGGLWLRQGULOOLQJWRGHSWKVPRUH
WKDQPFUHDWHVFRPSOLFDWLRQVWKDWUHVWULFWWKHIORZRIWKHJDVLQWKHFRDOVHDPDQGSRWHQWLDOO\VWRS
WKHJDVLILFDWLRQSURFHVV
5.7. Depth and subsidence 
6WUXFWXUDOLQWHJULW\RIWKHJHRORJLFOD\HUVDERYHWKHFRDOVHDPLVUHTXLUHGWRVXSSRUWWKHRYHUO\LQJ
VWUDWDDQGWKHJURXQGVVXUIDFH5HVHDUFKHUVUHFRPPHQGQROHVVWKDQPRIFRQVROLGDWHGURFNDERYH
WKHFRDOVHDPWRSUHYHQWVXEVLGHQFHIURPRFFXUULQJ$GGLWLRQDOO\UHODWLYHO\LPSHUPHDEOHURFNDURXQG
WKHVHDPKHOSVWRSUHYHQWWKHHVFDSHRISURGXFWJDVHVDVZHOODVUHGXFLQJWKHIORZRIJURXQGZDWHULQWR
WKHVHDP
5.8. Hydrology 
'HVSLWHUHFRPPHQGDWLRQVWKDWQRRYHUO\LQJVWUDWDZLWKZDWHUVKRXOGH[LVWZLWKLQPRIWKH&RDO
VHDPVRPHZDWHULQIORZZKHWKHUIURPVXUURXQGLQJZDWHUDTXLIHUVGLUHFWLQMHFWLRQLQWRWKH&RDOVHDP
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RUSUHVHQWZLWKLQWKHFRDOVHDPUHPDLQVQHFHVVDU\WRPDLQWDLQWKHJDVLILFDWLRQ5HDFWLRQ+LJKPRLVWXUH
FRQWHQW LQ WKH VHDP UHOLHYHV WKH QHFHVVLW\ RI VXUURXQGLQJ ZDWHU VRXUFHV /DFNLQJ KLJK PRLVWXUH
FRQWHQWV SHUPHDEOHV DQG VWRQH DERYH WKH FRDO VHDP RU ZLWKLQ URFN OD\HUV WKDW DUH UHODWLYHO\
LPSHUPHDEOHDOORZZDWHUWRIORZLQWRWKHFRDOVHDP
5.9. Coal seam thickness 
7KH WKLFNQHVVRI WKH FRDO VHDPVKRXOG UHPDLQEHWZHHQ WR PZLWKQRPRUH WKDQSHUFHQW
YDULDWLRQLQWKHWKLFNQHVVWKURXJKRXWWKHFRDOVHDP9DULDWLRQVLQWKLFNQHVVFDQFRPSOLFDWHGULOOLQJIRU
ZHOOV *UHDWHU FRDO VHDP WKLFNQHVV OHDGV WR KLJKHU XWLOL]DWLRQ RI WKH FRDO VHDP IRU JDVLILFDWLRQ
0RUHRYHU UHVHDUFKHUVKDYHVKRZQWKDWFRDOVHDPVWKLFNHU WKDQPHWHUVJUHDWO\ LQFUHDVH WKHKHDWLQJ
YDOXHDQGFRQVHTXHQWO\WKHDPRXQWRIHQHUJ\DYDLODEOHLQWKHRXWSXWJDV
5.10. Coal seam angle (dip) 
7KHUHFRPPHQGHGGLSRUDQJOHRI WKHVHDPVKRXOGSUHIHUDEO\ OLHEHWZHHQDQGGHJUHHVZLWK
OHVVWKDQGHJUHHVLQDQJOHYDULDWLRQLQRUGHUWRDYRLGSUREOHPVZLWKGULOOLQJ$VWKHDQJOHLQWKHVHDP
LQFUHDVHVWKHSRWHQWLDOIRUGDPDJHGHTXLSPHQWDQGPDWHULDOLQWKHVHDPULVHVDFFRUGLQJO\6WLOODFRDO
VHDPZLWKDVOLJKWDQJOHLVIDYRXUDEOHIRU8&*EHFDXVHLWKHOSVWRPRYHZDWHUDQGDVKDZD\IURPWKH
DUHDZKHUHR[LGDWLRQRFFXUV
5.11. Coal reserves and accessibility 
'HSHQGLQJRQWKHDPRXQWRIHOHFWULFLW\DQGWKHOLIH&\FOHRIWKHSRZHUSODQWYDU\LQJDPRXQWVRI
FRDODUHQHHGHGWRPHHWWKHHQHUJ\UHTXLUHPHQW
)RU D JHQHUDO UHIHUHQFH XVLQJ UHVXOWV IRXQG LQ H[SHULPHQWV DW WKH &KLQFKLOOD SODQW LQ $XVWUDOLD
5HVHDUFKHUVFDOFXODWHGWKHDPRXQWRIFRDOUHTXLUHGWRUXQD0:8&*FRPELQHGF\FOHSRZHUSODQW
RSHUDWLQJ IRU  \HDUV ZLWK D SHUFHQW HIILFLHQF\ SURGXFLQJ D V\QJDV ZLWK D KHDWLQJ YDOXH RI 
0-P7KHUHVHDUFKHUVIRXQGWKDWXQGHUWKHVLWHFRQGLWLRQVPLOOLRQPHWULFWRQVRIFRDOFRQYHUWVWR
URXJKO\ELOOLRQPRIV\QJDV
6RPHDPRXQWRIFRDOPXVWEHOHIWLQWKHVHDPDIWHUJDVLILFDWLRQWRSUHYHQWODUJHVFDOHFROODSVHRI
WKH RYHUEXUGHQ DQG VXEVLGHQFH RI WKH JURXQG VXUIDFH 7KLV OLPLWV WKH DPRXQW RI FRDO DYDLODEOH LQ D
JLYHQ VLWH WR PHHW VSHFLILF HQHUJ\ GHPDQGV 7KH DPRXQW RI FRDO UHTXLUHG GHSHQGV RQ VSHFLILF
FKDUDFWHULVWLFVRIWKHVLWHVXFKDVWKHWKLFNQHVVRIWKHFRDOVHDPWKHVWUXFWXUHRIWKHRYHUO\LQJURFNWKH
VSDFLQJ EHWZHHQ WKH LQMHFWLRQ DQG SURGXFWLRQ ZHOOV DQG WKH GHSWK XQGHUJURXQG )RU D SRLQW RI
UHIHUHQFHWKHGLVWDQFHEHWZHHQLQMHFWLRQDQGSURGXFWLRQZHOOVLQWKH8&*RSHUDWLRQ+DQQD:\RPLQJ
VWRRGEHWZHHQDQGP7KHVLWHLQ:\RPLQJVXFFHVVIXOO\JDVLILHGWRQVRIFRDODWDGHSWKRI
DSSUR[LPDWHO\PZLWKRXWDQ\VXEVLGHQFHLVVXHVRUFRQWDPLQDWLRQWRRYHUO\LQJSRWDEOHDTXLIHUV
,Q DGGLWLRQ WR XQGHUJURXQG FKDUDFWHULVWLFV WKHUH DUH RWKHU OLPLWDWLRQV DERYH JURXQG WR FRQVLGHU
RQFH WKH SURGXFWLRQ ZHOOV EHJLQ WR UHFHLYH V\QJDV (QJLQHHUV PXVK WDNH LQWR DFFRXQW DYDLODEOH
,QIUDVWUXFWXUH IRU WKH JDVLILFDWLRQSURFHVV WUDQVSRUWDWLRQRI V\QJDV H[LVWLQJ ODQGXVH HQYLURQPHQWDO
DQGRWKHUODQGXVHUHVWULFWLRQVZKHQFKRRVLQJDQDSSURSULDWHVLWHIRU8&*'HYHORSPHQW5HVHDUFKHUV
VXJJHVW WKDW ODQGXVH UHVWULFWLRQV IRU 8&* PRVW OLNHO\ SUHVHQW WKH VDPH UHVWULFWLRQV DV W\SLFDO
XQGHUJURXQGFRDOPLQHV
5.12. Lab studies of gasification 
/DEVWXGLHVRIJDVLILFDWLRQRI WKHFRDOXQGHUVLPXODWHGFRQGLWLRQVKRXOGEHFDUULHGRXW WRKHOS LQ
DVVHVVPHQWRI LQMHFWLRQSDUDPHWHUV$ORQJZLWK WHPSHUDWXUHPHDVXULQJGHYLFHV WUDFHU VXFKDVDUJRQ
$UFDQEHXVHGGXULQJJDVLILFDWLRQWRXQGHUVWDQGWKHLQVLWXSKHQRPHQRQLQFOXGLQJFDYLW\JURZWKWR
DVFHUWDLQWKHRWKHUSURSHUWLHVRIWKHFRDOVDQGWRDVVHVVWKHLPSDFWRIWKHYDULRXVIDFWRUVRIJDVLILFDWLRQ
5.13. Well completion/ linking of wells 
$YDLODELOLW\ RI KLJK WHPSHUDWXUH UHVLVWDQW175 FHPHQW VSHFLDO FRPSOHWLRQ GHVLJQ NHHSLQJ
SURYLVLRQIRUZHOOERUHFRROLQJDQGXVHRIKLJKSUHVVXUHWHPSHUDWXUHDQGFRUURVLRQUHVLVWDQWZHOOKHDG
IORZOLQHGRZQKROHFDVLQJDQGWXELQJVHWFLVDSUHUHTXLVLWH
(YDOXDWLRQRIUHVHUYRLUSDUDPHWHUVRIFRDOVHDPDQGURRIDQGIORRUURFNVDQGILQGLQJRXWRIPRVW
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HFRQRPLFDO DQG IHDVLEOH OLQNLQJ WHFKQLTXH VXLWLQJ WR WKH FRDO VHDP FRQGLWLRQV LV DPXVW 7KHPDLQ
IDFWRUGHWHUPLQLQJWKHFRVWHIIHFWLYHQHVV LV WKHVSHFLILFFRQVXPSWLRQRIOLQNLQJIOXLGRQDXQLWRI WKH
REWDLQHG FKDQQHO 7KH LQWHQVLW\ RI WKH FRQQHFWLQJ EODVW RQ D EXUQLQJ SRLQW GHSHQGV QRW RQO\ RQ WKH
FRQVXPSWLRQRIEODVWLQMHFWHGEXWDOVRWKHGLVWDQFHEHWZHHQWKHLQMHFWLRQDQGEXUQLQJSRLQWWKLFNQHVV
RIFRDOVHDPDQGGHVLJQRIWKHERUHKROH6LJQLILFDQWO\LWDOVRGHWHUPLQHVWKHILOWUDWLRQFKDUDFWHULVWLFVRI
WKHFRDOURFNVDQGVXUURXQGLQJURFNV
5.14. Chemical analysis of coal 
$FRPSUHKHQVLYHDQDO\VLV DVJLYHQEHORZKDV WREHSHUIRUPHG WR HQVXUH WKDW WKH VLWH LV VXLWDEOH
7KLVLQFOXGHV WKHFRUUHODWLRQRI WKHLQGLYLGXDOFRDOEHGVVHDPVWUXFWXUHUDQNDQGTXDOLW\RIWKHFRDO
VHDPV
x %DQGE\EDQGDQDO\VLV
x 3UR[LPDWHDQDO\VLV
x 8OWLPDWH DQDO\VLV ZLWK VXOSKXU
GLVWULEXWLRQ
x &DORULILFYDOXH
x &RNLQJSURSHUWLHV
x /RZWHPSHUDWXUHJUD\NLQJHVVD\
x &RDOSHWURJUDSK\
x $VKDQDO\VLV
x $VKIXVLRQWHPSUDQJH
x &RDOUHDFWLYLW\
x &KORULQHDQGSKRVSKRURXVFRQWHQW
x 3HUPHDELOLW\DQGSRURVLW\RIFRDOV
7DEOHEHORZSURYLGHVUHFRPPHQGHGYDOXHVIRUGLIIHUHQWSDUDPHWHUVDVVRFLDWHGZLWK8&*
7DEOH,GHDO&KDUDFWHULVWLFVIRU8&*
 3DUDPHWHU 'HVLUHG9DOXH ,PSHULDO8QLWVDQG&RPPHQWV
&RDOWKLFNQHVVP  IW
7KLFNQHVVYDULDWLRQRIVHDPWKLFNQHVV  
'HSWKP  IW
'LSGHJUHHV  
'LSYDULDWLRQGHJUHHVPIW  
6LQJOHSDUWLQJWKLFNQHVVP  IW
7RWDOSDUWLQJWKLFNQHVVRIVHDPWKLFNQHVV  
)DXOWGLVSODFHPHQWRIVHDPWKLFNQHVV  
)DXOWGHQVLW\1XPEHURIIDXOWVP  1XPEHURIIDXOWVIW
&RDOUDQN /RZUDQN %LWXPLQRXV
&RDOPRLVWXUHZW  
$VKFRQWHQWZW  
&RDOVXOSKXUZW  
7KLFNQHVVRIFRQVROLGDWHGRYHUEXUGHQ ! IW
6HDPSHUPHDELOLW\P'  
,PPHGLDWHRYHUEXUGHQSHUPHDELOLW\P'  PIWDERYHWKHVHDP
'LVWDQFHWRQHDUHVWRYHUO\LQJZDWHUEHDULQJXQLWP ! !IW
&RDODTXLIHUFKDUDFWHULVWLFV &RQILQHG 
1HDUHVWSURGXFLQJZHOOFRPSOHWHGLQFRDOVHDPNP ! !PLOH
$YDLODEOH&RDO5HVRXUFHVP  a[FXELFIWIRU
\HDUORQJRSHUDWLRQ
5.15. Chemical kinetics/ environmental studies 
.QRZOHGJHRI FKHPLFDONLQHWLFV RI LQVLWXJDVLILFDWLRQXQGHU WKHSUHYDLOLQJ FRQGLWLRQRI WKH FRDO
VHDPDQGGHWHUPLQDWLRQRIRSWLPXPFRPSRVLWLRQRIUHDFWDQWLH$LUVWHDP21HWFGXULQJUHYHUVH
FRPEXVWLRQDVZHOODVIRUZDUGJDVLILFDWLRQLVUHTXLUHG3UHGLFWLRQRIFDYLW\JURZWKDQGVXEVLGHQFHHWF
GXULQJJDVLILFDWLRQZLWKWKHKHOSRI8&*SURFHVVPRGHOVRUVLPXODWRUVLVDOVRWREHGRQH,GHQWLILFDWLRQ
RI UHTXLUHG VRSKLVWLFDWHG FDSLWDO HTXLSPHQW DQG LQVWUXPHQWDWLRQ DQG WKHLU DYDLODELOLW\ IRU FRPSOHWH
8&*SURFHVVLVDOVRQHFHVVDU\,WLVDOVRQHFHVVDU\WRHYDOXDWHHQYLURQPHQWDOLPSDFWRI8&*SURFHVV
VXFK DV JURXQGZDWHU SROOXWLRQ DQG VXUIDFH WUHDWPHQW DQG GLVSRVDO RI SURGXFHGZDWHU DQG ILQDOO\ WR
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ZRUNRXWHFRQRPLFVRIWKHRYHUDOOSURFHVVIRULWVFRPPHUFLDOL]DWLRQXQGHUSRVVLEOHXWLOL]DWLRQSDWWHUQV
 ,QGLDQLQLWLDWLYH
,Q ,QGLD &RDO ,QGLD /WG 1H\YHOL /LJQLWH &RUSRUDWLRQ *,3&/ 5600 DQG *0'& WKH\ KDYH
LQLWLDWHGWKH8&*SURMHFWVLQVRPHSURPLVLQJDUHDVDQGZRUNIRUVLWHVHOHFWLRQHWFDQGIXUWKHUOLQHRI
DFWLRQIRU3LORW3ODQWLVXQGHUSURJUHVV
6.1. Surkha UCG block, GMDC,  Bhavanagar dist., Gujarat  
21*& KDV VLJQHG DQ $JUHHPHQW RI &ROODERUDWLRQ $2& ZLWK 6NRFKLQVN\ ,QVWLWXWH RI0LQLQJ
5XVVLDRQWK1RYHPEHUIRU8QGHUJURXQG&RDO*DVLILFDWLRQ8&*7KH8&*SURMHFWLVEHLQJ
FDUULHGRXWZLWKWKHFRQVXOWDQF\RIWKHVDLG5XVVLDQ,QVWLWXWH7KHSURMHFWLVHQYLVDJHGWREHFRPSOHWHG
LQSKDVHVFRPSULVLQJRIYDULRXVVWDJHVULJKWIURPVLWHVHOHFWLRQWRFRQVWUXFWLRQRI8&*(QWHUSULVH
,QDFFRUGDQFHZLWKWKH028VLJQHGE\21*&DQG*0'&IRUWKH8QGHUJURXQG&RDO*DVLILFDWLRQ
3URMHFWIRUGHYHORSLQJ8&*SURMHFWLQVRPHSURPLVLQJDUHDRI*0'&$FFRUGLQJO\LWZDVGHFLGHGWR
VWXG\ IHDVLELOLW\ IRU 8&* RI RQH EORFN LQ 6XUNKD QRUWK OLJQLWH EORFN DIWHU DQDO\]LQJ JHRORJLFDO
SDUDPHWHUV$GGLWLRQDO H[SORUDWLRQ UHTXLUHG IRU UHVHUYH HQKDQFHPHQW DQG K\GURJHRORJLFDO DQG JHR
PHFKDQLFDODQDO\VLVZDVFDUULHGRXW2QHWHVWZHOODQGWZRREVHUYDWLRQZHOOVIRUORQJGXUDWLRQSXPS
WHVWZHUHGXJRXW7KHOLJQLWHVHDPVRFFXUPDLQO\LQ(RFHQHIRUPDWLRQRIJUH\JUD\LVKJUH\.KDGVDOLD
FOD\V /LJQLWH TXDOLW\ GHSWK RFFXUUHQFH RI VHDP VHDP GLS OLJQLWH UHVHUYHV VHDP IORRU DQG URRI
OLWKRORJ\ DQG K\GURORJLFDO FRQGLWLRQV DUH SURPLVLQJ IRU JDVLILFDWLRQ 7KH OLJQLWH VHDP URRI UHOLDEO\
VHSDUDWHVOLJQLWHVHDPGXHWRWKHSUHVHQFHRIDTXLFOXGHV/LJQLWHVHDPIORRUFRQWDLQVXQFRQILQHGWUDS
URFN$TXLIHU VHDOHGE\FOD\RI WKLFNQHVVPRUH WKDQPWUV 7KH UHFRPPHQGDWLRQRIFRQVXOWDQWKDV
VXJJHVWHGWKLVEORFNIRU8&*E\DLULQMHFWLRQ/LJQLWHUHVHUYHLVP7DQGJDVLILDEOHUHVHUYHLVP7
IRU UXQQLQJP:SRZHUSODQW V\QJJDV UHTXLUHGZLOOEHEFPSHU \HDU7KHUHIRUH UHVHUYHV DUH
H[SHFWHG WR ODVW IRU  ±  \HDUV  %HIRUH EHJLQQLQJ GHVLJQ ZRUN IRU 6XUNKD K\GURJHRORJLFDO
LQYHVWLJDWLRQRIWUDSURFNDTXLIHULVWREHFDUULHGRXW7KLVSURMHFWDSSHDUVWREHVXLWDEOHIRU8&*DQG
HIIRUWVDUHEHLQJPDGHIRULQFUHDVLQJWKHFRPPHUFLDOYLDELOLW\RIWKHSURMHFWE\H[SORUDWLRQ
6.2. Various stages for execution of UCG project 
$IWHUKDYLQJVHOHFWHGDVXLWDEOHVLWHIRU8&*SURMHFWWKHIROORZLQJVWDJHVQHHGWREHIROORZHG
6.2.1. Technical stages 
x ,GHQWLILFDWLRQRIVLWHDVVXLWDEOH
x 3UHSDUDWLRQRIOD\RXWGHVLJQIRU8&*SLORW
x 3UHSDUDWLRQRIGHWDLOHGHQJLQHHULQJGHVLJQIRU8&*SLORW
x 'ULOOLQJRISURFHVVZHOOVIRU8&*DQGPRQLWRULQJZHOOV
x (UHFWLRQRIVXUIDFHIDFLOLWLHV
x 3LORWFRPPLVVLRQLQJDQGRSHUDWLRQDOL]DWLRQ
6.2.2. Statutory clearances 
x )LOLQJDSSOLFDWLRQZLWK0LQLVWU\RI&RDOWKURXJK*RYWRI*XMDUDWIRUDZDUGRIEORFNVHOHFWHG
DVVXLWDEOHIRU8&*SURMHFW
x %ORFNDOORFDWLRQLQWLPDWLRQWR*RYWRI*XMDUDWE\0LQLVWU\RI&RDO
x 3UHSDUDWLRQRI0LQHSODQZKLFKQHHGVWREHVXEPLWWHGIRUDZDUGRI0/
x $ZDUGRI0LQLQJOHDVHE\*RYWRI*XMDUDW
x 2EWDLQLQJ(QYLURQPHQWDOFOHDUDQFH IRU8&*SLORWSURMHFW$SSOLFDWLRQ LV WREHVXEPLWWHG WR
0LQLVWU\ RI (QYLURQPHQW DQG )RUHVWV )RU WKLV DJHQF\ OLNH 1DWLRQDO (QYLURQPHQWDO
(QJLQHHULQJ 5HVHDUFK ,QVWLWXWH 1((5, 1DJSXU PD\ EH LQYROYHG IRU WKH SUHSDUDWLRQ RI
(QYLURQPHQWDO,PSDFW5LVN$VVHVVPHQW5HSRUW7KLVVKDOOEHIROORZHGE\SXEOLFKHDULQJDQG
RWKHUVWDJHVIRUDSSURYDOIURP0LQLVWU\RI(QYLURQPHQWDQG)RUHVWV
x $SSURYDORI'*06
x 3LORWFRPPLVVLRQLQJDQGRSHUDWLRQDOL]DWLRQ
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%HQHILWVRIXQGHUJURXQGFRDOJDVLILFDWLRQ
$VDPHWKRGRIH[SORLWLQJFRDO8&*UHSUHVHQWVDQHQYLURQPHQWDOLPSURYHPHQWRQWKHFRPELQDWLRQ
RIFRDOPLQLQJDQGVXUIDFHFRPEXVWLRQRIFRDO,WLVDOVRVDIHUDQGLQWXLWLYHO\PRUHHIILFLHQW
(QYLURQPHQWDO EHQHILWV RI 8&* RYHU XQGHUJURXQG FRDO PLQLQJ IRU IXHOOLQJ SRZHU JHQHUDWLRQ
LQFOXGH
D /RZHUIXJLWLYHGXVWQRLVHDQGYLVXDOLPSDFWRQVXUIDFH
E /RZHUZDWHUFRQVXPSWLRQ
F /RZHUULVNRIVXUIDFHZDWHUSROOXWLRQ
G 5HGXFHGPHWKDQHHPLVVLRQV
H 1RGLUWKDQGOLQJDQGGLVSRVDODWPLQHVLWHV
I 1RFRDOZDVKLQJDQGILQHVGLVSRVDODWPLQHVLWH¶
J /RZHURYHUDOOFDSLWDODQGRSHUDWLQJFRVWV
K 1RFRDOVWDFNLQJDQGWUDQVSRUW
L 6PDOOHUVXUIDFHIRRWSULQWVDWSRZHUVWDWLRQV
M /DUJHUFRDOUHVRXUFHH[SORLWDEOH
6XPPDU\
8&* KDV WKH SRWHQWLDO WR H[SORLW IXOO UHVRXUFHV ZKLFK DUH HLWKHU XQHFRQRPLFDO WR ZRUN E\
FRQYHQWLRQDO XQGHUJURXQG FRDO H[WUDFWLRQRU LQDFFHVVLEOHGXH WR GHSWK JHRORJ\RURWKHUPLQLQJ DQG
VDIHW\FRQVLGHUDWLRQ7KHVXFFHVVIXOGHYHORSPHQWRI8&*ZLOOQRWRQO\GHSHQGRQDGYDQFHVLQWKHXVH
RIWHFKQRORJ\EXWDOVRRQGHPRQVWUDWLQJWKDWDFOHDQHQHUJ\FDQEHSURGXFHGZLWKRXWGHWULPHQWWRWKH
HQYLURQPHQW8&* UHSUHVHQWV D VXVWDLQDEOH HQYLURQPHQWDO LPSURYHPHQW RQ WKH FRPELQDWLRQ RI FRDO
PLQLQJDQGVXUIDFHFRPEXVWLRQRIFRDO
$FNQRZOHGJHPHQW
$XWKRUVDUHWKDQNIXOWRWKHLU0DQDJHPHQW±*0'&	21*&IRUSHUPLWWLQJWRSXEOLVKWKLVSDSHU
5HIHUHQFHV
 $OVWRP  $GYDQFHG PDWHULDOV PRGHOOLQJ DQG OLILQJ WHFKQRORJLHV IRU JDV WXUELQH FRPSRQHQWV RSHUDWLQJ LQ FRDO
JDVLILFDWLRQSODQW&OHDQHU&RDO7HFKQRORJ\3URJUDPPH3URMHFW3URILOH'7,0D\
 %HDYHU ):'DO\' - *URHQHZHOG*+ 6FKPLW &5  7KH VWDWXV DQG IXWXUH RI XQGHUJURXQG FRDO JDVLILFDWLRQ
-RXUQDORI&RDO4XDOLW\9RO1RSS-XO\±6HSWHPEHU
 %ULWWHQ - $ 7KRUVQHVV &%  &$96,0 8QGHUJURXQG FRDO JDVLILFDWLRQ SURJUDP5HSRUW 1R (676&
,%03&/DZUHQFH/LYHUPRUH1DWLRQDO/DE&DOLIRUQLD86$0DU
 %URZQH0$(+DUJUHDYHV5/	6PLWK , )  ,QYHVWLJDWLRQRI WKH JHRWKHUPDO SRWHQWLDO RI WKH8.7KH8SSHU
3DODHR]RLF %DVLQV RI WKH 0LGODQG 9DOOH\ RI 6FRWODQG %ULWLVK *HRORJLFDO 6XUYH\ 5HSRUW *HRWKHUPDO 5HVRXUFHV
3URJUDPPH
 &DPS ' : HW DO  $ ZDWHU LQIOX[ PRGHO IRU 8&* ZLWK VSDOOLQJHQKDQFHGGU\LQJ WK ,QWHUVRFLHW\ (QHUJ\
(QJLQHHULQJ&RQIHUHQFH6HDWWOH:$$XJ
 &KDSSHOO50RVWDGH07KH(,7UHPHGDOXQGHUJURXQGFRDOJDVLILFDWLRQILHOGWHVWLQ6SDLQ)LUVWWULDODWJUHDWGHSWK
DQG KLJK SUHVVXUH  WK$QQXDO ,QWHUQDWLRQDO 3LWWVEXUJK&RDO&RQIHUHQFH&21) 3DSHU 6 SS 
&KDSSHOO(768LQWHUQDOUHSRUW2FWREHU
 &RHPH$3LUDUG-30RVWDGH00RGHOOLQJRIWKHFKHPLFDOSURFHVVHVLQDORQJZDOOIDFHXQGHUJURXQGJDVLILHUDW
GHSWK,Q6LWXSS
 &RYHOO-5	7KRPDV0+&RPELQHG$LU6SDUJHDQG%LRUHPHGLDWLRQRIDQ8QGHUJURXQG&RDO*DVLILFDWLRQ6LWH
86'HSDUWPHQWRI(QHUJ\'2(,QIRUPDWLRQ%ULGJH'()HGHUDO(QHUJ\7HFKQRORJ\&HQWHU0RUJDQWRZQ
 &UHHG\ ' 3  3URVSHFWV IRU FRDOEHG PHWKDQH LQ %ULWDLQ 'RFXPHQWDWLRQ IURP &RDOEHG0HWKDQH ([WUDFWLRQ $Q
DQDO\VLV RI8.	(XURSHDQ5HVRXUFHV	3RWHQWLDO IRU'HYHORSPHQW&RQIHUHQFH KHOG DW&DYHQGLVK&RQIHUHQFH&HQWUH
/RQGRQ2UJDQLVHGE\,%&7HFKQLFDO6HUYLFHVSS
 =KHQJ4-&RPEXVWLRQ3URMHFW%HLMLQJ&RDO,QGXVWU\3UHVV
 6HPHQRY++RQVHYHUDOSUREOHPVFRQFHUQLQJFKHPLFDOG\QDPLFVDQGUHDFWLRQFDSDFLW\%HLMLQJ6FLHQFH3UHVV
 (OLRW0$&RDOXWLOL]DWLRQFKHPLVWU\%HLMLQJ&KHPLFDO,QGXVWU\3UHVV
 2OLYHU5REHUW/5HVXOWVRIWKHJURXQGZDWHUUHVWRUDWLRQGHPRQVWUDWLRQSURMHFW+DQQDXQGHUJURXQGFRDOJDVLILFDWLRQWHVW
VLWH:\RPLQJ:HVWHUQ5HVHDUFK,QVWLWXWH/DUDPLH:\RPLQJ7KH8.'HSDUWPHQWRI7UDGHDQG,QGXVWU\'7,
5HSRUW
